Abstract: This study examines the time series behaviour of oil production for OPEC member countries within a fractional integration modelling framework recognizing the potential for structural breaks and outliers. The analysis is undertaken using monthly data from January 1973 to October 2008 for 13 OPEC member countries. The results indicate there is mean reverting persistence in oil production with breaks identified in 10 out of the 13 countries examined. Thus, shocks affecting the structure of OPEC oil production will have persistent effects in the long run for all countries, and in some cases the effects are expected to be permanent.
Introduction
According to the Energy Information Administration, in 2008 roughly 43% of the world's oil production was attributed OPEC member countries. Furthermore, OPEC member countries have approximately 70% of the proven oil reserves in the world. Energy Agency (IEA) and the Energy Information Administration (EIA) project an increase in global demand for oil over the next several decades which raises the question on whether this increased demand can be met by OPEC oil production.
OPEC's oil production is influenced by a myriad of factors such as the price of oil and market conditions, i.e. the global demand for oil along with the production associated with non-OPEC oil producers and the geopolitical environment. OPEC has generally been successful in utilizing production cuts to prevent declines in price while on the other hand offsetting disruptions in the supply of oil and the rise in oil prices by increasing production. However, the pursuit of output policies has become more complicated given the emergence of the futures market in signaling oil prices and the corresponding adjustments in oil production. Indeed, the effectiveness of output policies hinges on the effectiveness of OPEC to influence market participants' expectations in the futures market along with OPEC's long-term investment plans to expand production capacity (Fattouh, 2007) .
By the early 1970s, in addition to the oil embargo, OPEC oil production was influenced by the change in the oil pricing system from multinational oil companies to OPEC with the halt on authorizing new concessions by OPEC governments, movement towards equity participation in the existing concessions, and in some cases the nationalization of the oil industry. As a result by the late 1970s, multinational companies diversified their oil supply sources in the development of oil reserves outside of OPEC. In response to higher oil prices by the early 1980s, the discovery of oil reserves in non-OPEC countries in conjunction with advances in new technology brought forth an increase in the supply of oil to the international market resulting in downward pressure on oil prices with OPEC losing market share. With the infusion of non-OPEC oil producers and their prices more responsive to competitive market conditions, OPEC abandoned the administered oil pricing system by the mid-1980s instead moving to market-reference pricing based on the price quotes provided by oil price reporting agencies. However, the limited liquidity of the spot market gave way to the use of the futures market which provided greater liquidity and price transparency.
OPEC would adjust production quotas to achieve a desired price target zone. However, OPEC's ability to influence price is dependent on market participants' expectations in the futures market.
Essentially, OPEC's decisions on production quotas provided signals to the market about OPEC's desired range of prices, the effectiveness of the signals depended on the whether the market believed that OPEC could make the necessary production adjustments in light of market conditions (Fattouh, 2007) . In the face of a decrease in the global demand for oil, OPEC would attempt to defend a target price by cutting production. However, the success of such production cuts hinges on the coordination efforts and bargaining power of OPEC member countries. On the other hand, while coordination to increase production quotas may be easier with an increase in the global demand for oil, OPEC may not respond quickly to this upward trend given uncertainty about future demand (Fattouh, 2007) . Due to the large investment outlays required and the irreversibility of the investment, the decision to wait and not increase oil production would be more profitable than to increase oil production when the trend may turn out to be false (Dixit and Pindyck, 1994; Gately, 2004; Fattouh, 2007) .
The ability of OPEC to increase production capacity is also influenced by state control of the oil sector and the geopolitical climate. With respect to investment and production in member countries with state control of the oil sector, the increasing demands on the government to finance other socio-economic projects imposes budgetary constraints on national oil companies to expand production capacity. Also, an unfavorable geopolitical climate for OPEC member countries in terms of security concerns and sanctions would have an adverse impact on the investment climate and thus may limit capacity expansion.
In light of the myriad of influences on OPEC's oil production, understanding the time series behavior of OPEC oil production is critical in the assessment of the impact of oil shocks and structural breaks on both oil supply and the repercussions for global economic activity. 1 Specifically, this study examines the degree of persistence, potential breaks and outliers of oil production for each OPEC member country within a fractional integration modelling framework. In particular, two important features commonly observed in oil production data are the persistence across time (Lien and Root, 1999; Kang et al. 2009 ) and breaks in production (Altinay and Karagol, 2004; Lee and Chang, 2005; Rao and Rao, 2009 ). 2 Modelling the degree of persistence is important in that it can reflect the stability of production in a particular country and given the importance of oil production to other sectors of an economy the persistence of such shocks may be transmitted to other sectors of the economy and macroeconomic aggregates as well. Such transmission of shocks has implications for the effectiveness of government intervention or stabilization policies. Breaks and outliers are other important features that are present in monthly oil production data which may be attributed to fluctuations in oil prices, changes in the world geopolitical climate, and country-specific socio-economic events, among others. 3 Indeed, if oil production is stationary I(0), shocks to oil production will be transitory and following major structural breaks in oil production, the supply of oil will return to its original equilibrium with the disruptions in oil production only having a temporary impact on economic activity. However, if oil production contains a unit root (i.e., if it is nonstationary I(1)), shocks to oil production will have persistent effects on the supply of oil with the disruptions in oil production having a permanent impact on economic activity ). 4 In the present paper we extend the models based on I(0) and I(1) hypotheses to the fractional I(d) case which permits the examination of the dependence oil production between periods.
Despite the importance of oil as an energy source and the previous research on the oil industry, there are no studies that specifically analyse the persistence, breaks, and outliers associated with OPEC oil production. While studies consider, for example, oil consumption (Mohn and Osmundsen, 2008; Lean and Smyth, 2009) , returns on investment in oil (Boone, 2001 ) and oil exhaustion (Tsoskounoglou et al. 2008; Höök and Aleklett, 2008; Karbassi et al. 2007) , no studies have explored the long memory/persistence properties of OPEC oil production.
The remainder of this study is organised as follows. Section 2 presents a review of the previous literature. Section 3 details the methodology. Section 4 presents the data and the empirical results. Section 5 deals with the discussion of the results, while Section 6 provides concluding remarks.
Brief Overview of the Literature
As mentioned earlier, determining whether shocks to oil production are transitory or persistent is relevant in the formulation of energy-related policy as well as government stabilization policies.
Though there have been a number of studies investigating the presence of a unit root in energy consumption (Chen and Lee, 2007; Narayan and Smyth, 2007; Hsu et al, 2008; Mishra et al, 2009; Lean and Smyth, 2009; Rao and Rao, 2009) , only a few studies examine oil production.
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In the process of examining the economic, geological, and institutional determinants of oil production in the lower 48 U.S. states, Kaufmann and Cleveland (2001) use the Augmented Dickey
Fuller (ADF, Dickey and Fuller, 1979) unit root test with respect to oil production over the period 1938 to 1991. Their results fail to reject the null hypothesis of a unit root. Iledare and Olatubi (2006) investigate oil production in the Gulf of Mexico's Outer Continental Shelf using quarterly data from 1948 to 2000 for shallow water and from 1979 to 2000 for deep water, respectively. In both cases, the results of the ADF tests fail to reject the null hypothesis of a unit root. by Maddala and Wu (1999), Breitung (2000) , Levin et al (2002) , Im et al (2003) , and the panel stationarity test by Hadri (2000) there is a partial unit root in the first regime; and for four countries (Iran, Iraq, Libya, and Mexico) there is a partial unit root in the second regime.
As the previous research indicates, the examination of the long memory (fractional integration)
properties of OPEC oil production with the inclusion of structural breaks and outliers has not been explored in the literature.
Methodology
One characteristic of many economic and financial time series is its nonstationary nature. There exists a variety of models to describe such nonstationarity. Until the 1980s a standard approach was to impose a deterministic (linear or quadratic) function of time, thus assuming that the residuals from the regression model were stationary I(0). Later on, and especially after the seminal work of Nelson and Plosser (1982) , there was a general agreement that the nonstationary component of most series was stochastic, and unit roots (or first differences, I(1)) were commonly adopted.
However, the I(1) case is merely one particular model to describe such behaviour. In fact, the number of differences required to get ( ) 0 I may not necessarily be an integer value but any point in the real line. In such a case, the process is said to be fractionally integrated or ( ) . Now, assuming that x t has an absolutely continuous spectral distribution, so that it has spectral density function
the frequency domain definition of long memory states that the spectral density function is unbounded at some frequency in the interval [ π , 0 ). Most of the empirical literature has concentrated on the case where the singularity or pole in the spectrum takes place at the 0-frequency. This is the standard case of ( ) d I models of the form:
where L is the lag-operator (
be expressed in terms of its Binomial expansion, such that, for all real d,
In this context, d plays a crucial role since it will be an indicator of the degree of dependence of the time series. Thus, the higher the value of d is, the higher the level of association will be between the observations. On the other hand, the above process also admits an infinite moving average representation such that
Thus, the impulse responses are also clearly affected by the magnitude of d, and the higher the value of d is, the higher the responses will be. In this context, if d is smaller than 1, the series will be mean reverting, with shocks having temporary effects, and disappearing in the long run. On the other hand, if d ≥ 1, shock will be permanent lasting forever unless strong policy measures are adopted.
Processes with d > 0 in (2) display the property of "long memory", characterized because the spectral density function of the process is unbounded at the origin. However, fractional integration may also occur at some other frequencies away from 0, as in the case of seasonal/cyclical models.
In this study, we estimate d using a Whittle function in the frequency domain (Dahlhaus, 1989 ) along with a testing procedure developed by Robinson (1994) 
where y t is the time series we observe; β is a (kx1) vector of unknown coefficients; and z t is a set of deterministic terms that might include an intercept (i.e., z t = 1), an intercept with a linear time trend (z t = (1, t) T ), or any other type of deterministic processes like dummy variables to examine the potential presence of outliers/breaks. This method is briefly described in Appendix 1.
We also examine in the paper the possibility of structural breaks, which are endogenously determined by the model. For simplicity, we describe here the case of a single break and consider a model of the form:
and , , ...
where the β's are the coefficients corresponding to the deterministic terms; d 1 and d 2 may be real values; u t is I(0); and T b is the time of a break that is supposed to be unknown. Note that given the difficulties in distinguishing between models with fractional orders of integration and those with broken deterministic trends (i.e., Diebold and Inoue, 2001; Granger and Hyung, 2004 ) the issue is relevant. We implement a recent procedure developed by Gil-Alana (2008, see Appendix 2) that is based on minimizing the residuals sum squares in the two subsamples and that can be easily extended to the case of two or more breaks.
Data and Results
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In order to take into account the main feature of the data (i.e., their degree of dependence across time), we first consider the following model, , ) 1 ( ;
where u t is I(0), defined first as a white noise process, and then allowing some type of weak autocorrelation structure. The above model includes the standard cases examined in the literature.
For example, if d = 0, we have a deterministic trend model with I(0) disturbances, while if d = 1, the classical unit root model. However, allowing d to be a real value, we can also examine the possibility of fractional integration. As earlier mentioned, the parameter d is an indicator of the degree of long range dependence, and the higher is the value of d, the higher is the level of association between the observations. Table 2 displays the estimates of the fractional differencing parameter, d, in the model given by (6) assuming that the disturbances u t are white noise. We display the estimates of d (in parenthesis within the brackets) along with the 95% confidence intervals using Robinson's (1994) e n e -7 3
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tests, for the three standard cases: (1) no regressors (i.e., β 1 = β 2 = 0 a priori), (2) an intercept (i.e., β 1 unknown, and β 2 = 0 a priori), and (3) an intercept with a linear time trend (i.e., β 1 and β 2 unknown). In bold and with an asterisk the estimates of d where the deterministic terms are statistically significant.
We observe from Table 2 that all the estimates are above 0.5, implying long memory and a nonstationary behaviour, and the results seem to be robust across the different types of deterministic terms.
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We present in bold type and with an asterisk the cases where the deterministic terms are statistically significant. We note that for Algeria, Angola, Ecuador, and Qatar, the time trend is significant. For the remaining cases, only an intercept appears significant in the regression models. If we focus now on the estimates of d, we observe that only for Angola, the value of d is found to be statistically significantly above 1. For another three countries, Iran, Libya, and Venezuela, the unit root null (i.e., d = 1) cannot statistically be rejected, while for the remaining nine countries (and for the total production series), the orders of integration are strictly smaller than 1, ranging from d = 0.681 (Qatar) to d = 0.924 (Saudi Arabia). In bold and with an asterisk the estimates of d where the deterministic terms are statistically significant.
In Table 3 , we report the results under the assumption that the disturbances (u t in (6)) are weakly autocorrelated. However, instead of imposing a classical autoregressive model, whose parameters may be competing with d in describing the time dependence, we use a less conventional approach based on the exponential spectral model of Bloomfield (1973) . This is a non-parametric approach that produces autocorrelations decaying exponentially as in the AR(MA) case; however, the parameters are stationary for all values, and approximate fairly well ARMA structures with a large number of parameters. 8 The time trend coefficients are now significant in the cases of Algeria, Angola, Ecuador, UAE and Venezuela. The only estimated value of d which is above 1 is again Angola, though now the unit root cannot be rejected. This hypothesis cannot be rejected either in the cases of Kuwait and Saudi Arabia.
For the rest of the countries, d is found to be strictly smaller than 1, thus implying mean reversion. Here, the lowest degree of integration occurs for Nigeria (d = 0.611), followed by Venezuela (d = 0.618) and Ecuador (d = 0.709).
Summarizing the results presented in these two tables, we can conclude that Angola is the country that presents the highest degree of nonstationarity. For some other countries (Iran, Libya, and Venezuela in case of uncorrelated errors, and Kuwait and Saudi Arabia with autocorrelated disturbances) the unit root model cannot be rejected. However, for the remaining countries (Algeria, Ecuador, Indonesia, Nigeria, Qatar, and UAE) the orders of integration are strictly smaller than 1, implying that shocks affecting the series are transitory, disappearing in the long run though taking a long time to disappear completely. The results presented so far may be biased because of the presence of breaks and/or outliers (see Gil-Alana, 2003; .
9 Tables 4 and 5 address the issue of outliers in the data. We identify outliers in seven countries (Ecuador, Indonesia, Iran, Iraq, Kuwait, Saudi Arabia, and Venezuela) and use dummy variables to describe them. 10 The results including these dummies in the regression model (3) and using white noise u t are reported in Table 4 and using the autocorrelated model of Bloomfield (1973) reported in Table 5 .
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The results in the left-hand sides of Tables 4 and 5 report the estimates of the model parameters under the assumption that there are no outliers. The results in the right-hand side refer to the estimates assuming the existence of one or two outliers depending on the series.
Starting with the results based on white noise disturbances (in Table 4 ) we observe a reduction in the degree of integration in all the countries once the outliers are taken into account. Thus, for example, for Iran and Venezuela the unit root null hypothesis cannot be rejected if no outliers are considered, however, including them, this hypothesis is rejected in the two countries in favour of orders of integration smaller than 1. This is less clear if the disturbances are autocorrelated as shown in Table 5 . Here, we note higher orders of integration with outliers for the cases of Ecuador, Indonesia, Iran, Iraq, and Venezuela; more or less the same estimates in case of Saudi Arabia, and a slight reduction only for Kuwait. In general, there are no substantial differences if outliers are taken into account. Mean reversion seems to take place in all the countries examined with the exceptions of Kuwait and Saudi
Arabia where the unit root null cannot be rejected. Finally, in the case of structural breaks, we implement the method of Gil-Alana (2008) described in the previous section and in Appendix 2. We employ one and two breaks and choose the appropriate number of breaks using likelihood information criteria (see Appendix 2) . Note that a crucial distinction between breaks and outliers in the context of the present work is that in the case of the breaks we allow for different orders of integration before and after the breaks. On the contrary, in the case of outliers, the degree of dependence remains unaltered across the sample.
The results displayed in Table 6 show no breaks for the cases of Algeria, Angola, Indonesia, and Kuwait. One single break for Iran, Libya, Nigeria, Qatar, UAE, Ecuador, and Venezuela, in the latter two countries including also outliers, and two breaks for Iraq and Saudi Arabia.
Notice in Table 6 that the break dates substantially change from one series to another. Thus, there is an early break in Iran (November 1978) 1.041, the unit root null hypothesis cannot be rejected. For those countries with a single break, we observe a significant increase in the degree of integration in Ecuador, Iran, UAE, Venezuela, and for the total production series; in all these countries mean reversion is observed in the first subsample and the unit root cannot be rejected after the break. However, for Libya and Nigeria there is a decrease in the value of d though the unit root cannot be rejected in any of the two subsamples. 
Discussion
We have presented in Section 4 results based on fractional integration using three different approaches: a) a model with no outliers and no breaks, b) a model with outliers, and c) a model with outliers and breaks.
The results can be summarized as follows: if no breaks and no outliers are taken into account, most of the fractional differencing parameters are in the interval (0.5, 1) implying long memory and mean reverting behaviour, with shocks disappearing in the long run. The exceptions are Angola, and also Kuwait and Saudi Arabia (with white noise errors) and Iran, Libya and Venezuela (with autocorrelated errors) where the unit root cannot be rejected, and thus suggesting that shocks have permanent effects on these countries. Thus, according to this specification, in the event of an exogenous shock, stronger policy measures must be adopted in countries like Angola, Kuwait, Saudi would expect oil production would be stationary given such countries would be able to maintain a constant supply during periods of economic or political turmoil. In light of the proven oil reserves reported in Table 1 , this hypothesis is not supported given that the countries with the largest proven oil reserves do not display mean reversion across the periods associated with structural breaks. This finding confirms the conclusion reached by Maslyuk and Smyth (2009) . Alternatively, suggest that countries with high volatility in production are more likely not to exhibit mean reversion in oil production. The rationale is that countries with volatile production deviations from the long-run equilibrium path due to shocks will be larger and hence the departure from the longrun equilibrium path will be less likely to be temporary. As shown in Table 7 , the assertion by that countries with high volatility in production correlates will have the presence of a unit root (i.e. permanent effects of shocks) is not substantiated with the findings of mean reversion in a majority of the OPEC countries. 
Concluding Remarks
Unlike previous studies on oil production employing traditional unit root integrated models or even threshold unit root tests, this study adopts a fractional integration model adopted by Caporale and Gil-Alana (2007; However, the results substantially vary from one country to another. Thus, for Algeria, Indonesia, and Kuwait, we do not observe breaks, and mean reversion is obtained in the three countries with their orders of integration strictly below 1, which indicates that shocks are transitory and mean reverting, disappearing in the long run. Mean reversion is also observed in some countries in which a single break is required; for example, Iran, Qatar, UAE, Ecuador, and Venezuela during the first subsamples, and in the latter two countries outliers seem to be present as well. Finally, we observe two countries with two structural breaks, Iraq and Saudi Arabia. In the former country, mean reversion occurs during the sample period except for the period of the 1980s, and in Saudi Arabia during the period before the second break in September 1990. These results confirm the high degree of persistence in each series.
Thus, the results indicate that shocks affecting the structure of OPEC oil production (based on the estimates of d in all tables), will have persistent effects in the long run for all countries, and in some cases the effects are expected to be permanent. Indeed, the maximum rate of oil production is determined by operational capacity which in turn is influenced by the existing capital structure.
Hence, it is not surprising to observe a high degree of persistence in terms of oil production. The incorporation of outliers and structural breaks into the analysis highlights the role of exogenous events either political or economic, which may reduce production levels below operational capacity.
As a consequence, disruptions in oil production and supply will have a persistent impact on economic activity as such shocks will be transmitted to other sectors of the economy. Therefore, it is crucial for policy makers to distinguish the nature of the shock (i.e. transitory or persistent) since the policy actions may differ as to the type of shock. In case of values of d equal to or above 1, stabilization policies in restoring production levels to equilibrium levels will be required; otherwise, the implications for oil production and supply will persist forever. On the other hand, for countries with values of d below 1, shocks will disappear in the long run as production will return to equilibrium levels over time without the need for stabilization efforts.
In summary, it is clear that taking first differences in the oil production of OPEC countries under the assumption of a unit root, may lead in some cases to series that are over-differenced, and subsequently such a procedure may result in inappropriate policy actions. Similarly, the standard analysis based on cointegration techniques and involving oil productioni should be examined in the more general context of fractional cointegration (Robinson and Hualde, 2003; Johansen, 2008) .
Second, persistence behavior is another characteristic of these data although for some countries the adjustment process takes a long time to disappear in which case an active oil policy stance is required to restore oil production levels. Third, outliers do not alter the main conclusions of this study though in two countries (Ecuador and Venezuela) outliers should be considered even in the context of structural breaks. Fourth, the breaks in oil production are specific to each country or common to OPEC policy, signifying that there are specific events that affect each country's oil production and common elements to many OPEC countries.
Appendix 1: Robinson's (1994) Parametric Approach
The LM test of Robinson (1994) for testing H o : d = d o in (2) and (3) 
